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Llenado de Granos
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Aproximacion Clasica al Crecimiento

Biomasa (kg m2)

Tiempo (dias)

Biomasa (W) = A+C/[1+exp(-B(t-M))]
Tasa de crecimiento (TC) = dW/dt Blackman (1919

Tasa de crecimiento relativo (TCR) = 1/m . dm/dt ~ watson (1952




Duraci on de la etapa floraci on-madurez fisiol ogica

grano (dias)

for example Sofield et al.
1977

Peso de grano
Duracién de llenado de

DDF (dias)

Tasa de desarrollo
Floracién-madurez (d-1)

Temperatura (°C) T Slafer (2004)
o) T

~

Respuesta del desarrollo de insectos a la temperatura

Rate (i/days)

l
30
Temperature (C)

FIGURE 2.7. Development rate of melon fly eggs showing the almost linear
response to temperature.

Hall (2001)
CI’O Resonses to Environment




Calculo del Tiempo termico

permite comparar el desarrollo de cultivos que crec en bajo
regimenes térmicos diferentes, superando las debili dades inherentes

en el uso de tiempo calendario

Para valores de temperatura entre Th y Topt

dia=n
Tiempo térmico (TT) : 2 (Td -Th)
dia =i

donde Td es temperatura media diaria ([max + min}/2)

Se requieren tratamientos mas complejos para situaciones en
que T °> Topt 6 T° < Tb durante todo o parte del dia.

Slafer (2004)

Temperatura y reacciones enzimaticas
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Fig. 1. The temperature response of the Km of wheat and cotton
glyoxylate reductase for NADH.

Burke et al. (1988)
Agronomy Journal




Evolucion de la temperatura a lo largo del dia
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Fig. 5: representacion esquemdtica de la marcha diaria de las temperaturas. La linea
horizontal representa una situacion en la que T media = Tb

Produccién de Granos. Bases funcionales para suejoatuBA)

Pericarpio, Endosperma y Embrion
durante el Crecimiento de Grano
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Pericarpio y Embrion en Granos de Girasol
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Pericarpio y Endosperma del Grano en Trigo
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Peso Seco, Contenido Hidrico y Volumen de los Granos

Days from onthesis
FIGURE 1. Development of basal grains, from central spikelets of two spring wheat
weight (mg) (@); water cc

deviated from the mean by ‘ 1 fc s of cv. H-18 and four cases of
B.L.24 where deviations up to 29 occurred

Millet & Pinthus (1984)
Journal of Cereal Science

Dinamica de la materia seca y el contenido hidrico
de los granos

Maximo contenido hidrico

Materia seca

Materia seca y contenido

20 30 40 50
Dias después de antesis

Lizana et al. (2010)
Journal of Experimental Botany




Fases del Crecimiento de los granos
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Peso de Grano y Contenido Hidrico

Calderiniet al.(2000)
Agronomy Journal
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Contenido Hidrico en Diferentes Posiciones de Granos

Bacanora

Rayon Synthetic
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Dindmicas de Agua y Peso Seco de los Granos
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Relacién entre el Contenido Hidrico y
el Peso de los Granos (%)

o 1 y=77.6-03%

y=77.4-0.40x
(r=0.95; p<0.001) Rl o

(r=0.96; p<0.001)

Contenido hidrico relativo (%)
o

0O 20 40 60 8 100 120 O 20 40 60 80 100 120

Peso seco relativo (%)
Madurez Fisiologica: 37%

Calderiniet al.(2000)
Agronomy Journal

Modelo de Contenido Hidrico de los Granos

RKDM, = (KWC, — 77.5)/ — 0.405 (8]

where RKIDM; is relative kernel dry matter at time
relative to that at maturity (%) and KWC, is kernel

water concentration (%) at time i. The only measure-
ment required is the determination of KWC. This value
is then substituted into Eq. 8.
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Validacion del Modelo de Contenido Hidrico

RKDM (%)
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Agronomy Journal

Validacion del Modelo de Contenido Hidrico

RKDM (%)

120

Calderiniet al.(2000)
Agronomy Journal
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Brocklehurst (1977) mostré que existe relacién entre el peso final de los
granos de cebada y el nUmero de células del endosperma

Importancia del Numero de Células
Endospermaéticas

Fig. 3. Relationship between the dry
weight of mature grains, calculated
from the logistic model, and the
maximum number of endosperm cells,
caleulated using the method

described in the text. Confidence
limits of grain dry weights (P < 0:08),
caleulated wsing the model, are
represented by the horizontal error
hars. Vertical error bars represent
standard errors of the mean of
endosperm cell numbers, The
fegression equation is

yom= 358024 1041, r? = 0-90,
Symbols ss for Fig. 1.

102 x Endosperm cell number
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Gleadow et al. (1982)
Aust. J. Plant Physiol.
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Peso de Grano y Células
Endospermaticas
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Relacion entre el Peso y el Contenido Hidrico de los
Granos

e Fungicide/ grain position/
Date of sowing (2002)
Cultivar/ grain position/
Date of sowing (2003)

L]

Maximum grain dry weight (mg)

30 35 40 50 55

. . -1
Maximum grain water content (mg grain)

Pepler et al. (2006)
Field Crops Res.




Relacion entre el Peso y el Contenido Hidrico

Estabilizado de los Granos

Grain volume (mm3)
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Hasan et al. (2011)
Field Crops Res.
Relacion entre el Peso y el Volumen de los Granos
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Dimensiones de grano (mm)

Dinamica de las dimensiones de grano

Largo
® Ancho
A Alto

10 20 30 40 50
Dias después de antesis

Lizana et al. (2010)
Journal of Experimental Botany

Peso y Largo de Grano de Trigo
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Journal of Experimental Botany
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Dinamicas del Grano
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Fig. 1. Volume (filled circles), dry weight (open circles), water content (filled squares), and grain dimensions [length (open squares), width
(filed triangles), and height (open triangles)] of grain position 2 in growing seasons 1 (A, D) and 2 (B, E) and grain position 3 (C, F) in
season 2.

Lizana et al. (2010)

Journal of Experimental Botany

Relacion en
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Fig. 4. Relationship between timings of (a) stabilized grain water content (SGWC), stabilized value of (b) grain width or (c) grain height and timing of maximum grain length
of Bacanora and Kambara. Line shows the 1:1 ratio.

Hasan et al. (2011)
Field Crops Res.
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Valores estabilizados y Duraciones del Grano

Table 3
Stabilized grain water content (SGWC), maximum grain volume (MV), grain dimensions: grain length (GL), width (GWth) and height (GHht) and thermal time (TT) after

anthesis when these values were achieved in different grain positions (GP) of Bacanora and Kambara (data averaged across season).
Cultivar GP GL(mm) SGWC(mg) GWth(mm) GHht(mm) MV(mm®)| TT-GL(*Cd) TT-SGWC (“Cd)| TI-GWth (:Cd) TT-GHht("Cd) TI-MV (*Cd)
Bacanora 1 73d  403e 48d 36c  73If 209d 318de 460 be 466 ab 569 d
2 76c  441d 48d 41a  851d 231cd 319de 454 be 454¢ 579 cd
3 74d  382f 47d 37b  743e 243 abe 327 de 440 490ab 630ab
4 67f  258h 41f 32d  512h 258 ab 333cd 416¢ 454c 603 abed
Kambara 1 80b  508b 51a 40a  047b 243 abe 377 be 506 ab 450¢ 580 bed
2 83a 542a 5.0ab 41a 1025a 262ab 384b 518a 462¢ 601 abed
3 83a 470¢c 49¢c 37b 884c 276ab 394b 508 ab 499 ab 620 abe
4 71e  316g d4e 35¢  662g 264a 4442 536a 538a 642a
sem 0114 187 0,065 0062 324 571 7.99 935 9.37 6.86
Cultivar ns ns
Grain position : ns ns ns ns .
Cv =GP - : ns - ns ns ns ns ns

s.e.m. stands for the standard error of the means. Different letters within the same column indicate statistically significant differences at P<0.05. Values are means of three
replicates.
ns means not significant effects.

* Significant effects by cultivar (Cv), grain position (GP) or their interaction at P<0.05.
“ Significant effects by cultivar (Cv), grain position (GP) or their interaction at P<0.01.
" Significant effects by cultivar (Cv), grain position (GP) or their interaction at P<0.001.

Hasan et al. (2011)
Field Crops Res.
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¢, Limitacion por fuente de asimilados
durante el llenado de granos?

Relacion Fuente:Destino post-antesis en trigo
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. Relationship between wheat relative change in seed dry weight and the relative change in potential a

produmd during seed-filling in a number of experiments. Dashed lines stand for the theoretical slopes of 1 (full source limitation) and O (full
sink I .

Borras et al. (2004)
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Relacion Fuente:Destino post-antesis en maiz

P

100 / T T T . T 1
-100 0 100 200 300 400 500 600 700

Relative change in assimilate availability per seed (%)

3
=
=
2
@
=
>
e
°
]
@
@
L]
£
@
o)
o
@
=
G
o
=
=
£
@
o

Fig. 3. Relationship between maize relative change in seed dry weight and the relative change in potential assimilate availability per seed
produced during seed-filling in a number of experiments. Dashed lines stand for the theoretical slopes of 1 (full source limitation) and 0 (full
sink limitation).

Borras et al. (2004)

Relacién Fuente:Destino en Ambientes Mediterraneos
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Relacion Fuente:Destino en Trigo:
Impacto de alta restriccion de fuente

Relative change in grain dry weight (%)

1.1
-100
-100 -80 60 -40 -20 0

Relative change in assimilate availability (%)

Fig. 6. Relations hip between relative change of grain weight and relative change of assimilate availability during grain filling of wheat (A, closed triangles), lupin (B, closed
squares) and pea (B, open triangles) in response to shading treatments recorded in the present study and previous studies reviewed by Borras etal. (2004). Data from previous
studies correspond to wheat (A, open circles) and soybean (B, open circles ). Shaded areas show the range of data explored in previous studies. Closed circles were used to fit
sol

Sandarfia, Harcha & Calderini (2009)
Field Crops Research
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Relaciones Fuente:Destino en Diferentes Momentos del Llenado

Grain filling period

Wheat Lupin
=Xp. Cultivar rsa-tiso Treatment Incident Duration Radiation
Duration Radiation
days CTd MIm? days cd MIm?
=xp.1  OtQu C 52 770 578 78 1249 858
Shan 39 646 180 50 830 338
Hu/Be C 37 598 405 67 1064 717
Shai 24 396 170 42 682 294
=xp. 2  OYQu C 46 798 553 68 1142 811
Sha 36 617 176 48 836 287
Shast 18 299 380 21 364 582
Shyg 18 318 349 27 472 516
Hu/Be C 42 730 507 68 1142 811
Sha 31 527 184 52 909 247
Shist 18 296 332 22 387 559
Shang 13 231 359 30 522 508

Harcha & Calderini (unpublished

Relaciones Fuente:Destino en Diferentes Momentos del Llenado
Peso de Grano

Grain weight (mg, %)

Exp S-.S Wheat Lupin
ratio.
Otto Huayun Quilinock Belara
Exp.1 C 46.8 54.5 185.3 153.8
Sha 15.1 -67.8 272 -50.1 132 -92.9 70.2 -54.5
sem! 068 5.18
Ccv . *
s *okk ok
CvxS * ok
Exp.2 C 44.0 42.8 182.4 168.3
Shau 17.0 -61.3 196 -54.2 178 -90.3 28.3 -83.2
Shig 216 -50.8 241 -42.8 182  -90.0 1277 -24.1
Shand 36.6 -16.9 373 -13.0 130.7 -28.3 123.1 -26.8
sem! 1.19 3.69
Cv ns. ork
s ek ok
CvxS ns. ok

Harcha & Calderini (unpublished
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Relaciones Fuente:Destino en Diferentes Momentos del Llenado

Contenido Hidrico

Stabilized grain water content (mg, %)

S-S
Exp X Wheat Lupin
ratio.
Otto Huayun Quilinock Belara
Exp.1 C 33.9 42.7 319.4 3433
Shai 243 -283 289 -32.3 1146 -64.1 1849 -46.1
sem.! 118 9.44
Cv *x **
s *x -
CvxS ns. ns.
Exp.2 C 31.2 28.5 311.2 289.7

Shai 221 -291 205 -281 1416 -545 1528 -47.3
Shist 227 -27.1 196 -31.0 1321 -57.6 259.7 -10.4
Shang 29.0 -7.1 278 -25 2924 -60 2817 -28

sem.! 064 6.56
cv . .
s . ik
CvxS ns. ok

Harcha & Calderini (unpublished

Relaciones Fuente:Destino en Diferentes Momentos del Llenado

Dinamica del Contenido Hidrico
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Factores de estrés en plantas y sus interrelaciones

Radiacion Luz Factor hiolagico

BXCESD floracidn

defecto maduracion frutos
patogenos (pardsitos,infecciongg)
hetbivarismao
competericia

" » Factor mecinico
3 Sl viento
metales pesados tayos
pH fuego
contaminacion st (30) feve
xenohidticos

exceso de frio inundacion

Fuente: http://www.elergonomista.com

Estrés térmico durante el llenado
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Trigo 1

III Efecto Térmico

18 21 24 27 30
Day temperature (°C)

Kernel dry weight (mg)

Fig. 1. The effect of high lemperature treatments during kernel

development on kernel weight at maturity of two wheat cultivars. (4)

Trigo 17 chronic heat stress, (B) Trigo 1: heat shock, (€) Lyallpur:

chronic heat siress, (D) Lyallpur: heat shock. The dashed lines across B

and D indicate the kernel dry weight of the 21/16°C controls for the Wardlaw et al. (2002)
heat-shock treatments. Each value is the mean of 21 replicates, with

.2, shown as a vertical bar,

Respuesta del Peso de Grano a la Temperatura

Average kernel weight (% max.)

40

L L 1 1 1 L 1 i J
10/5  15/10 18/13 21/16 24/19 27/22 30/25 33/28 36/31

Temperature {°C tﬁy/nighi)

Chowdhury & Wardlaw (1978)
Aust. J. Agric. Res.
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Efecto de la temperatura sobre el peso de grano

Peso de grano

18 Temperatura durante
el llenado de grano ()

Adaptado de Chowdhury & Wardlaw (197
Australian Journal of Agricultural Researc

Tasa de desarrollo y temperaturas cardinales

Tasa de desarrollo (d?)

1[ Temperatura (°C) 1{
b

(]

Slafer (2004)
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Peso promedio de grano (cv. Bacanora)
en diferentes localidades

Peso promedio de grano (mg)

El Batan Valdivia

Localidad

La temperatura durante el llenado de
granos

15/10

b
/"/ ‘fﬁs\%
/

8

Weight per grain (mg)

cv. Timgalen

"
/
£
7
AJ?
elems

e L ]
40

0 20 60 80 100 0

Time from anthesis (days)
Fig. 1. Increase in dry weight of wheat grains as influenced by temperature after anthesis
in experiment II: (a) first floret grains in the middle four spikelets of cv. Timgalen;
(b) first floret grains in the middle four spikelets of cv. WW15. Vertical bars indicate
the standard errors of the mean.

Sofield et al. (1977)




Efecto térmico sobre la tasa y duracion
del llenado de granos

FIGURE 8.5. Effect of Temperature on Components of Grain Growth of Wheat

Rate of grain__  puration of grain
growth (mg/day ") growth (days)

Individual kernel
mass (mg)

a)

Temperature (day/night, °C)

Note: Figure 8.5a, duration of grain growth; Figure 8.5b, rate of grain growth
Figure 8.5¢, mature individual kemel mass

Source: Adapted from Tashiro and Wardlaw, 1989, p. 61

Stone (2001)
Adaptado de Tashiro & Wardlaw (1989)

Temperatura de los drganos

Raices, hojas, apices, flores, granos: pueden tener
temperaturas diferentes de la temperatura del aire

— Air
—&— H Grains
—8—H Receptable

600

1200 1800 2400

Hora del dia

Ploschuk & Hal (1995)
Field Crops Res.
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Temperatura del canopeo

248 PVV Prasad et al / Agriculiural and Forest Meteorology 139 (2006) 237-251
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Fig. 10. Measured canopy foliage temperature (*C) during 24 h period under ambient and elevated CO; at different temperatures treatments { A) 32/
22°C: (B) 36426 "C; (C) 40/30 °C: and (D) 44/34 °C. Data are the mean of 60 days period (35-95 DAS) when canopy was fully developed and
covered the chamber,

Prasad et al. (2006) AFM

Condiciones de estrés hidrico y alta concentrad@®@QC pueden
aumentar la temperatura de los 6rganos (por disiginue la
conductancia)

Estrés térmico por breves periodos

El shock térmico
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Temperaturas durante el llenado de
granos

A. COOL GROWING REGION B. WARM GROWING REGION

grain filling grain filling

W P

W 0P< ZGE<
‘3,06< sainjesadws) ym sAep <,

Mean monthly temperature (°C)

S . N P

winter I spring l summer winter
Season

spring summer

Fig. 1. Changes in mean monthly temperatures during grain filling and the frequency of high maximum day
temperatures during that period. Two cereal growing regions in Australia have been selected to represent a
cool (A) and a warm (B) region. The Spring period for Australia includes the whole of each of the months
September, October and November
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III Efecto Térmico
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Fig. 1. The effect of high lemperature treatments during kernel

development on kernel weight at maturity of two wheat cultivars. (4)

Trigo 17 chronic heat stress, (B) Trigo 1: heat shock, (€) Lyallpur:

chronic heat stress, (D) Lyallpur: heat shock. The dashed it

and D indicate the kernel ur}; weight of the 21/16°C controls for Wardlaw et al. (2002)
{-shock treatments. Each value is the mean of 21 replicates, with
shown as a vertical bar.




ivveoew H\.rl ITVUUUDY UL Uuiltuwow

temperaturas durante el “Heat Shock Effect”
llenado
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Fig. 3. The cffect of timing of a brief period of heat stress on
individual kernel mass, on two varieties of wheat differing in heat
tolerance. Circular symbols are for Oxley: (8) control, (0)5 days of
heat treatment. Square symbols are for Egret: (m) control, (C) 5 days
of heat treatment. (g) and (i) are for Oxley heat treated
commencing 15, 2 and 35 DAA, respectively. (b), (d), (), (h)

Stone & Nicolas (1995)

Concepto de carga calorica

Table 1. Temperature treatments during kernel filling
(A) Chronic high temperature (treatments throughout kernel filling)

Day/night temperature Mean temperature Duration of Estimated heat
(°C; 8/16 h) (°C) kernel filling (d) sum (°C-d)

18/13 14.7 41 398
21/16 17.7 32
24/19 207 25

237 20

26.7 16

(B) Acute heat shock (treatments for short periods commencing 20 d after anthesis)

ight temperature Mean temperature Duration of Heat load (*C-d: above
'C; 8/16 h) (°C) treatment (d) base of 21/16°C)

23.7 7 42
48
54
63
60

~ o oo

o 3N

PN

Wardlaw et al. (2002)




Golpe de calor

€0 (b) Franklin
50]
404
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Savin et al. (1996)

High temperature

Savin et al. (1996)

32



Estrés Hidrico

Peso de Grano

Grain dry weight {mg)

1 i 1 L J
Q 10 20 a0 40 50 0

Time (days) after anthesis

Fig. 2. Grain dry weight of plants subjected to treatments during the early period (a) and late period
(&) of cell division. Curves were fitted using a logistic model. O Control. A High temperature.
W Drought. ¥ Drought X high temperature, Error bars, representing confidence limits (P =0 05) of|
the asymptotic weight, K, were calculated using the model.
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Déficit hidrico
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Savin et al. (1996)

Efecto del Estrés Hidrico sobre la Expansion Foli
y la Fotosintesis
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Efecto del Estrés Hidrico sobre la Fotosintesis
y la Translocacion de Fotoasimilados

Translocation is maintained

until stress is savara

Sensibilidad de la elongacion foliar y la fotosintesis

Girasol

(95) ugoeduols

Fotosintesis neta
(mg h* 100 cm?)

16 0 4 -8 12 -16
Potencial agua hoja (bares)

Figura 16.20. Sensibllidad de la elongacion folior (inea punteada) y la fol-asim'esas neta
(linea llena) al déficit hidrico en maiz. girasol y soja. Adaptado de Boyer (10).
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Estrés Hidrico

Respuestas del crecimiento celular y la expansitbar f

Ya=Yo +¥p
Desecacion celular

Expansion celular:

TC (m¥sh) =m (Yp-Y)

TC: tasa de crecimiento: extensibilidad de la pared; umbral
de crecimiento (presion minima necesaria para detda pared)

Tasa de Expansion Foliar con y sin Estrés Hidri

Flants never exposed -
to wiater Stress

f groweth rate (mm |

Plants

grown under
continuous

water stress

Lea
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El estrés también modificay Y

m: por incremento del pH celular
Y: ¢ por cambios estructurales de la pared?

Con estrés|
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